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)}THE EFFECT OF CURING CONDITIONS 
ON STRENGTH OF CONCRETE TEST 


SPECIMENS CONTAINING BURNT 
CLAY AGGREGATES 


BY THE DIVISION OF 


HE TREND toward inereased span lengths on 
"TD highwas bridges has stimulated efforts to decrease 

the dead load caused by the weight of the bridge 
floor. Results of a study of the relative strengths of test 
specimens of concrete bridge floor slabs made of several 
materials and placed by each of several methods have 
been published. 

Included among the concrete aggregates used was the 
artificial, lightweight aggregate known as ‘‘Haydite.”’ 
The tests showed that there was a progressive retrogres- 
sion in flexural strength for the Haydite concrete 
specimens for ages exceeding 90 days, whereas concrete 


made with siliceous gravel, crushed limestone, and 
quartz sand aggregates, cured under presumably the 
same conditions, continued to gain in strength. In 
view of the probability that this behavior of the 


Havdite specimens might be related to the moisture- 
retaining qualities of the aggregate, it was decided to 
conduct further studies of Havdite concrete specimens. 
A supplementary series of laboratory tests under con- 
, trolled curing conditions is discussed in this report. 
Two of specimens, containing 
fine and coarse Haydite as total aggregate and the other 
a natural sand and crushed limestone, were made and 
tested at various ages up to and including 1 year. In 
addition, a limited number of specimens made with 
Haydite aggregates were tested at an age of 428 days, 
and corresponding specimens made with natural aggre- 


series concrete one 


gates were tested at 409 days. The mix used with the 
natural aggregates was 1 : 2.1: 3.9 by dry loose volume 
§ (1:2:3.5 by dry-rodded volume). The mix used with 
= the Havdite aggregates was 1:1.5:3 by dry loose 
} volume, with 3 pounds of “Celite” ad led per sack of 
cement 
The latter mix was the same as that used in the bridge 
slab tests where the retrogression in flexural strength 
was noted. However, the Haydite used in the previous 
p tests came from Jackson County, Missouri, while that 
} used in these tests came from Erie County, New York. 
Though the materials were from different sources, both 
were minufactured by the same process and were sub- 
mitted by the manufacturer as being representative of 
the tv) The natural sand came from the Potomac 
River at Washington, the limestone from Martinsburg, 
W. Va. Physical characteristics of the aggregates are 
p) Siven in table 1, and the mix data are shown in table 2. 
3 MIXING AND TESTING PROCEDURES DESCRIBED 
B Because dried H: iydite aggregate absorbs water 
m Tapidly, it was decided to presaturate all aggregates 
© *nd use them in this condition. The procedure fol- 
lowed was to dry the materials in an oven, weigh out 
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TESTS, 
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BUREAU OF PUBLIC ROADS 


Associate Materials Engineer 


the fine and coarse aggregates required for each batch 
in a watertight container, and immerse them for 48 
hours in a measured quantity of water before mixing. 
sy this procedure the total water used was accurately 
determined, yet thorough presaturation of the aggre- 
was accomplished. However, the net water- 
cement ratio reported for the Haydite concrete is only 


gates 








approximate, because of the difficulty of determining 
accurately the amount of water absorbed by the 
aggregates. 
raBLeE 1.—G yperties of aggregates 
I P favdite | Martins- 
Rive coarse burg 
nd iggregate | limestone 
] ] I Percent Percent 
‘ 20 
44 
; 17 74 
é - 60 87 
; 5 9S 100 
8 14 24 100 100 
r 45 4] 100 100 
67 59 100 100 
7 ‘ 78 Ré 100 100 
)-rne r S4 IT 100 100 
Fine mod 2.9 12 6. 58 7. 36 
I il proper | 
ecifi 2. 53 1,42 ~ eB | 
A bsor 4 2. i 4.8 0.13 
\\ | 
7 01 45 90 
\ ri 44 36 4 47 
su pe I y,A.S I E 12—27 
) ( i of Bure | I 
TABI 9 D , q concrete specimens 
VW l 
I Celite tent pe : 
\ ‘ = f . ae Ce- 
ick ent : Weight) ment 
, , ency fact 
estat flow actor 
( Fit Net 
| Lb. | Sacks 
per | per 
[ ‘ Ga cu. ft. | cu. yd 
Haydite Haydite 3] 8.4] 5.9 140 104] 7.2 
Limestone Potomac River 2 } : 6.4 5.8 165 151 5.7 
nd 
Fifteen 14-inch drops in 10 se i 
2 Proportions by dry-rodded volume 1:2 


The concrete was mixed with shovels in watertight 
pans, each batch being of sufficient size to make one 
flexure specimen (6- by 6- by 21-inch beam) or two 6- by 
12-inch cylinders. After 1 day in the molds and 6 days 
in the moist room, the flexural specimens were subjected 
to the curing conditions indicated in table 3, and the com- 
pression specimens to the curing conditions shown in 

table 4. Moist curing was accomplished by storing the 
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54 
specimens in the moist room under standard conditions 
of humidity and temperature. The final wet curing 
consisted of immersion in water at laboratory tempera- 
tures prior to test. 


TABLE 3.—Curing conditions for concrete beam specimens 
Period of curing 


Group no 


Waterat! Age at 
Initial Oven at 70° F. test 
ed Air 170° F prior to 
curing test 
Days Days Days Days Days 

| 7 ; 

}H 7 21 28 

3 28 $0 

; 7 173 180 

5 7 16 7 180 

7 7 169 : 180 

: 7 170 $ 180 

3” 7 171 2 180 

9 7 172 l 180 

10 173 7 a 

- 172 l 7 4 

+ 180 180 

-¥ - 353 360 

+i = 346 v 360 

15. oR 332 360 

180 180 360 

7 270 90 360 

+ 28 325 7 360 

. 180 173 7 360 

+ 270 g3 7 360 

tr 353 7 360 

$3 352 1 7 + 300 

23 359 360 

24 358 1 360 

= 380) 360 
2 360 | 67 1 428 

26 : 

2 4 360 l 45 * 409 
2 2 428 = 
Se 4409 409 

27 $21 45 

28. ‘7 402 sad 


1 Oven-dried specimens cooled in air of laboratory for 
? Data for beams having Haydite aggregates 

3 Dried in oven to constant weight prior to test 

4 Data for beams having natural sand and crushed limestone aggregates 


1 day prior to test. 


TaBLeE 4.—Curing conditions and crushing strengths of cylinders 


Curing Coarse aggregate 
Strength 
Haydite Limestone ratio, 
Age Haydite 
Group no. attest Moist . on | concrete 
| vee Air Coeffi- Coeffi- | to lime- 
ei Crushing | cient of| Crushing|cientof| stone 
strength!) varia- | strength'| varia- | concrete 
tion tion | 
Lb. per Lb. per 
Days| Days | Days| sg.in Percent, sg.in Percent| Percent 
3. 7 ©. Eves 2, 300 3.5 2, 280 3.8 101 
2.. 28 7 21 3, 460 | 6.2 3, 510 2.1 yy 
Sunces 28 | 28 |.- 3, 970 4.6 4, 040 | 5.4 98 
2: 180 | 7 173 5, 180 1.4 4, 470 | 3.7 | 116 
- 180 180 | 6, 490 5.6 5, 270 1.8 123 
360 7 353 5, 230 4.4 4, 250 4 123 
SSN 360 360 6, 850 1.9 5, 410 3.2 127 
Average 4, 780 3.9 4, 180 3.5 114 


! Each value represents the average of tests on 5 specimens. 

Air curing was accomplished by storing the specimens 
in air in a frame structure which was heated only enough 
to keep the specimens from freezing. Twenty-four 
hours before test the air-cured specimens were moved 
to the laboratory in order to attain laboratory temper- 
atures, and the final day was counted as part of the 
curing period. Oven-dried specimens were heated in 
an electric oven maintained at a temperature of 170° 
F. + 5° F. and were brought to the laboratory 24 hours 
before test in order to cool. Each value given in tables 
represents the average of tests on five specimens in 
practically all cases. 

The compression specimens were standard 6- by 12- 
inch cylinders; the flexural specimens were 6- by 6- by 
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21-inch beams. Flexure specimens were weighed at the 
time they were fabricated, when they were removed froin 
the molds, at each time the curing conditions were 
changed, and at the time of test. Thus it was possible 
to calculate the percentage of water remaining in each 
specimen at each change of curing condition and at test 

The flexure specimens were tested as simple beams on 
an 18-inch span with a side as molded, in tension. They 
were loaded at the third points with the apparatus 
described in Pusiic Roaps (vol. 13, no. 11), January 
1933. The compression specimens were tested in 
accordance with standard methods. 

The percentage of original mixing water remaining in 
the flexural specimens at the periods indicated is shown 
in table 5. Similar data are not available for the 
cylinders, because it was necessary to cap them, thereby 
changing the weight as well as the composition of the 
individual specimens. The average flexural strength 
for each group tested is given in table 6; table 4 gives 
similar data as regards crushing strength. 


HAYDITE CONCRETE RELATIVELY SLOW IN ABSORBING AND LOSING 
MOISTURE 


Table 5 shows the amounts of water remaining in 
the beam specimens at various periods, expressed as 
percentages of the original mixing water. The results 
show that the Haydite concrete lost approximately 7 
percent of its mixing water during the first 24 hours 
After 6 days curing in the moist room the specimens 
had reabsorbed moisture until the water content aver- 
aged about 95 percent of the original amount. After 
28 days the percentage had increased to about 97 per- 
cent, and complete saturation was reached at 180 days 
For the limestone concrete the percentage of origina 
mixing water at 24 hours averaged about 91 percent 
After curing in the moist room for 6 days the water 
content was about 95 percent, and complete saturatio! 
was attained at 28 days. Complete saturation is con- 
sidered to have been reached when the water conten 
of the specimen was 100 percent of the original amount | 
of water used. : 

The amounts of moisture lost by specimens cured 1! 
the moist room for 6 days, followed by curing in air for | 
varying periods, are shown for groups 2, 4 to 9 inclusiv: 
13, 14, and 28 in table 5. It will be observed that fo 
both aggregates the moisture loss reached a maximun 
after about 6 months’ curing in air. Increasing th 
curing period beyond 6 months (groups 13, 14, and 28 
appeared to have negligible effect insofar as drying wa: 
concerned. 

Data for groups 5 to 9, inclusive, show the effect 0 
immersing the specimens from 1 to 7 days in wate! 
after approximately 6 months curing in air. The initia 
curing period was 6 days in the moist room in each cas 
It will be observed that after 7 days of immersic! 
(group 5) the limestone concrete had reabsorbed « col 
siderably larger proportion of its original mixing wate! 


than had the Haydite concrete. Moreover, th» rat 
of gain in weight after the first 24 hours in wate! 


appeared to be considerably less for the Haydit» col 
crete. 





Comparing groups 5 and 14 we find that for th. lume 
stone concrete, 7 days’ curing in water was su liciel! 
time for the specimens to regain all the moist re !o* 
during the 6-month or 1-year curing in air. TT) is ¥# 
not true of the Haydite concrete, the amount o° waté 


reabsorbed after 7 days curing in water being s\ bsta! 
tially less than the amount present at the time tle spe 
imens were subjected to air curing. 
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TanLe 5.—-Percentages of original mixing water remaining in 
concrete specimens after curing 
CONCRETE BEAM SPECIMENS CONTAINING HAYDITE 
AGGREGATES 
Percentage of original mixing w iter remaining after curing in 
Moist , oratory 
. — Air Oven Water Lat _ a 
Group 
0 Molds re 
=< Wa- Wa- Wa Wa- Wa- | te 
Pe ter Pe- | ter Pe- | ter Pe- | ter Pe- ter 
riod | con- | riod | con- | riod | con- | riod | con- | riod | con- 
tent tent tent tent tent | 
Per Days, Per- | Days Per- Days Per- Days Per- | Days | Per Per 
cent cent cent cent cent cent | cent 
93 6 vt G4 
93 6 O68 20 73 71 71 
92 27 ¥6 U6 
4 OF 6 96 | 172 62 ] 62 62 
93 6 06 166 62 7 82 &2 
‘ 92 6 “t 16Y wo 4 SX] Sl! 
93 6 05 | 170 62 3 S] 8] 
‘ y2 6 U4 171 9 2 ed) SO 
of 6 97 | 172 62 1 81 1 
93 | 172 | 100 6 ) 95 05 
4 171 100 7 63 l 61 6 
2 93 | 179 100 100 
13 93 6 06 352 61 ] ol 61 
4 93 6 4 | 346 60 7 S4 %4 
Ow 27 98 | 331 0 70 70 
93 | 179 100 | 179 S st S4 
43 ry 100 RYU AN tel KN 
is 93 2 96 | 32 69 7 87 87 
‘ 93 | 179 O8 | 173 s 7 92 v2 
’ ¥3 259 19 83 SN 7 45 95 
2 94 | 352 101 6 y 96 UF 
2 96 | 351 101 7 74 75 7 
93 | 358 100 l 97 97 
a4 0 | 357 101 ] 90 l 90 1) 
2 vt 359 100 1A) 
94 | 359 101 67 29 30 30 
Q5 427 100 100 
‘ 3 ( O68 t52 ou 4 ns SS 
CONCRETE BEAM SPECIMENS CONTAINING NATURAL SAND 
AND CRUSHED LIMESTONE 
V2 6 v6 96 
4) 6 03 20 7¢ 75 75 
3 27 100 100 
y2 6 96 | 172 tit 66 66 
4} 6 06 166 t 7 Q5 95 
2 6 05 169 t 4 95 G5 
w) 6 Wt 170 6 3 92 92 
. 6] 96) 171 65 2 91 91 
| 
gy 6| 93) 172 64 l 88 88 
4 | 172 103 6 v7 l 96 96 
171 101 2 l 53 53 
. 179 101 101 
¢ 96 | 352 67 l 6 67 
f 96 | 346 67 7 a7 97 
27 100 | 331 70 7 70 
179 100 | 179 80 79 79 
7 269 101 &9 86 | S 85 
o 27 99 | 325 70 7 v5 95 
4 179 99 | 173 80 7 ot at 
269 OS 83 S4 7 Yt v4 
“ 352 102 6 98 1 97 97 
~ 351 102 7 63 l 63 63 
3 58 101 l 97 v7 
44. 357 | 101 1 88 l 88 88 
‘ 359 | 101 101 
ae 359 103 48 32 ] 34 34 
ne 108 101 101 
i 6 95 | 352 66 50 63 | 63 
Dat groups 13, 15, 16, and 17 show the moisture 
c »7) ¢ 
onten 1 year, after the specimens had been sub- 
give ted | moist c uring followed by air curing for periods 
i vario':< length. As might be expected, the pere entage 
0 
¥ wate’ remaining at the end of the drying period 
de ‘Te 
“ecreased as the period of air curing increased. This 
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TABLE 6 Curing condition and flexural strengths of concrete 
heam 
( ( arse aggregate 
Streneth 
5 ratio, 
a hows Ha f Limestone Haydite 
TOU} at concrete 
mt test | Ini Wa to lime- 
tial | Over Al . Mod- Coef- Mod- Coef- stone 
moist u cient ulus | ficient | concrete 
fruy of va- frup-| of va- 
¢ riation ire riation 
Lt Lt 
per er 
Days Da dD i Pet m Pet Pet. x 
7 7 SMe 6. ¢ 445 6,2 Sa 
2 28 7 7 8.3 142 4.5 31 
28 28 Lt 591 12.8 90 
{ 180 7 { 643 11.2 &6 
1s0 7 7 4) 11.0 ASA ye 94 
180 { 54 7.1 73 10. 1 + 
7 180 ; 72 4.8 589 12.9 v4 
§ 180 7 9 0 8.8 | 600 4.2 +4 
j 180 7 07 1.4 675 4.5 90 
) 180 | 173 )1 13.2 534 19.0 | 73 
] 180 172 72 15.4 60 16.2 66 
12 180 180 629 6.5 770 5.9 S2 
; 360 2 4.2| 623 13.2 82 
4 $60 7 18 10.9 35 4.5 90 
360 2s 468 6. 656 8.0 71 
6 560 180 24 2.9 657 6.5 37 
17 360 70 20¢ 11.7 652 8.1 45 
Is 360 2x f 3.2 627 11.5 105 
; 360 180 s 4.4 R09 8.6 72 
20 360 270 540 8.7 800 5.4 65 
2 260) 353 429 7. ¢ 589 - 72 
22 60 | 352 6.4 612 5.0 50 
33 60 | 359 ; 1) 577 8.4 re 
24 60 358 6. ¢ 631 17.4 60 
2 HO $60 8. 2 736 5.6 92 
Y 128 360 67 452 4 es |: 76 
6 4( sA0 is Yl 14.9 J 
128 | 428 8.2 Ks \ o7 
= 109 409 695 7.8 If = 
28 _ : om - 80 
4UY 668 8 if ‘ 
A verage ! 7 624 7.8 79 
Values represent average of tests on 4 specimens, al! other values represent average 
)f tests on 5 specimer 
Data for beam: having Hay ea egate 
3 Data for beams having natural sand and crushed limestone aggregates 
was true also for groups 14, 18, 19, and 20 insofar as 


the amount of moisture remaining at the end of the air 
curing period was concerned. However, these speci- 
mens were subjected to 7 days of water curing following 
the air curing period. For the limestone concrete, this 
final immersion in water resulted in final moisture con- 
tents approximately the same as before air curing began. 
However, the final moisture content of the Haydite 
concrete specimens varied with the length of the air 
curing period—the shorter this period the greater the 
water content at the end of the final 7 days of water curing. 

Data for groups 10 and 21 show for both types of con- 
crete that the moisture loss after 7 days in air curing was 
approximately the same for specimens that were cured 
initially for 1 year in the moist room as it was for 
specimens cured for 6 months. On the other hand, 
7 days of oven curing at 170° F. for specimens previously 
cured for 6 months in the moist room reduced their 
water contents by 43 percent, as compared with a 
reduction of only 33 perce nt for specimens cured for 1 
year (groups 11 and 22, respectively). Data for groups 

3 and 24 show that for specimens c ured initially 1 year 
in the moist room, drying in the oven for 1 day drove 
off three or four times as much water as drying for 1 
| day in air. 

In order to determine how much water could be 
driven off at a temperature of 170° F., a group of both 
Haydite and limestone specimens were kept in the oven 
until they had reached constant weight. The results 
show (group 26) that a slightly greater percentage of 
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FiGuRE l. RELATIONS BETWEEN AGE 
oF HayYpITE AND LIMESTONE 


AND FLEXURAL STRENGTH 
CONCRETE SPECIMENS. 


water was lost by the Haydite concrete than by the 
limestone concrete, the percentages of water retained 
being 29 and 32, respectively. However, 67 days were 
required for the Haydite concrete to reach constant 
weight, as compared with 48 days for the limestone 
concrete. 

Results of the absorption tests are of interest prin- 
cipally as indicating the effect of type of aggregate on 
rate of change in moisture content resulting from 
drying or absorption. In general, Haydite concrete 
both lost and gained moisture at a slower rate than did 
limestone concrete. In this connection it should be 
remembered that the concrete mide with Haydite 
aggregates contained 7.2 cement per cubic 
yard, while concrete natural aggregates 
contained but 5.7 ard. 


sacks of 
made with 
sacks per cubic y 
NONUNIFORM MOISTURE DISTRIBUTION FOUND TO AFFECT 
FLEXURAL STRENGTH 

The results of tests for flexural strength at various 
ages and for the several conditions of curing investi- 
gated are given in table 6 and are shown gr aphically in 
figures 1 to 6, inclusive. The relations between flexural 
strength and age under continuous moist and contin- 
uous air curing conditions for both types of aggregate 
are shown in figure |. It will be observed that under 
moist curing the Haydite concrete increased in strength 
up to 360 days, and specimens tested at the age of 428 
days gave prac tically the same results as those tested 
at 1 year 

For limestone concrete under moist curing there was 
a distinct decrease in strength at 360 days as compared 
with strength at 180 days, with still further retrogression 
at 409 days. The retrogression in strength ‘after 6 
months for the limestone concrete is quite surprising in 
view of the fact that standard moist curing conditions 
obtained throughout the curing period. 

In the case of specimens cured in air after 7 days of 
initial moist curing, we find little change in strength 
after 180 days for both types of aggregate. The maxi- 
mum strength attained by the Haydite concrete speci- 
mens cured in air was about the same as the 28-day 
strength after moist curing. For the limestone con- 
crete specimens cured in air the maximum strength was 
slightly higher than the 28-day strength after moist 
curing. Also, the 28-day strengths (after curing in air 
for 21 days) were about the same as the strengths of the 
7-day, moist-cured specimens. In this case the normal 
gain in strength between 7 and 28 days was probably 
neutralized by the fact that specimens air dried for 21 
days were only partially dry when tested; that is, while 
the outer shell of the specimen was fairly dry the core 
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FIGURE 2 EFFECT OF VARIATIONS IN PERIOD OF RESATUR 


TION ON FLEXURAL SPRENGTH OF CONCRETE SPECIMEN: 
AFTER CurRING 180 Days as INDICATED. 
oe ; d 
was still wet. The drying shell produced tensil d 


stresses in the extreme fibers of the beam. 
These initial stresses of course tended to reduce thei }, 


load required to produce failure in bending, resulting 1 


an observed modulus of rupture considerably lower thai P 
would have been obtained if the moisture content of th 4 P 
specime ns when tested had been the same oaenghens ie p 
The fact that the strengths after 180 days in air — Ea 

increased materially probably resulted from the - 
that during this period the specimens had an oppots Fi 
nity to dry uniformly, thus relieving these moistur]@ } 


That this so-called “shell” effect is of great in- 
portance in influencing the observed modulus of ruptur’ ® |, 
will be evident from consideration of the results fo p 
specimens cured for 6 months and for 1 year, a discus @ q 
sion of which follows. 

The results of flexure tests on specimens cured for 1! 


stresses. 


y 
days under various ¢ ae and moisture conditions ary 4 7! 
shown in figure 2. Values in all cases have been ev 
pressed as percentages of the strength developed und . 
continuous moist curing. It will be noted that = 
mens taken from the moist room at 173 days and cur 
in air for 7 days before testing attained only about twe)¥ m 
thirds of the strength of specimens tested immediate} ¥ m 
upon removal from the moist room (groups 12 and 1!) F@ It 
This decrease no doubt resulted from the partial dryimp¥ tl 
of the specimens during the final 7-day period, as ef ® re 
plained above. The effect was somewhat more markt ds 
in the Haydite concrete, the decrease in strength beim) de 
38 percent as compared with 31 percent for the limef® tu 
stone concrete. p CT 
The effect of partial drying is further illustrated hy i 
comparing the strengths of specimens cured in the mos % In 
room for 173 days, followed by 7 days in air, witli thoes fy ¢r 
cured for 7 days in the moist room, followed by 173 day in 
in air (groups 10 and 4). The air-cured specimens hiif¥ co 
much higher strengths, probably as a result of the { m 


sence of internal shrinkage stress in the concrete. | FQ 
The effect of curing in water from 1 to 7 days J @ he 
3 


prior to testing the air-cured specimens is sles shown ii mM 
figure 2 (groups 5 to 9, inclusive). It will be observ—y be 


that immersing the specimens for 1 day incre:sed ti th 


strength, but that further immersion tended to lowe > th 
the strength. This applied to both the Haycite py ™ 
the limestone concretes. Here we have a conditiiiy al 
where the dry specimen was absorbing water ‘rom @ mi 


outside, resulting in an effect just the reverse of thi gn 
previously described in which the wet specimen V#R5 wi 
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Figure 3.—EFFrcT OF VARIATIONS IN PERtops oF Moist Room 
UR snp ArR CURING ON FLEXURAL STRENGTH OF CONCRETE 
LENS SpecIMENS AFTER CurRING 1 YEAR As INDICATED. 
é drying. In this case the effect of moisture in the outer 
nslt) > shell was to produce compressive stresses in the ex- 
| treme fibers of the beam, thereby raising, instead of 
- the lowering, the observed modulus of rupture. That this 
iF ILS is true is evidenced by the fact that specimens immersed 
thac i for only 1 day in water had higher strengths than the 
f th specimens tested dry, but the strengths decreased as the 
out be period of immersion increased. 
rime The strength of Hs ivdite concrete after 4 days of 
fac} immersion was practically the same as that of the air- 
ort: | dry specimens, indicating that moisture equilibrium had 
stu} been established. For limestone concrete, the strengths 
tu) after 2 days of immersion and longer were all somewhat 
tur @ lower than those of the air-dried specimens. For im- 
5 lo!) mersion periods of 3 days and longer there was little 
st ) difference in strength. ‘The results indicate that when 
; curing has been in air, a 24-hour water immersion 
yr ls period prior to testing may not vive true results because 
Is | of incomplete moisture penetration. 
n eae 
we ) EFFECT OF PERIOD AND TYPE OF CURING ON FLEXURAL STRENGTH 
7 STUDIED 
cure ; The effect of variations in the relative amounts of 
L tw moist and air curing on the flexural strength of speci- 
iatel] | mens tested at the age of 1 year is shown in figure 3. 
d 1) (9% It will be observed that, for H: ivdite concrete, increasing 
iryimf 4) the period of air curing prior to test caused a progressive 
as ef @ reduction in flexural strength up to and including 180 
ark days of air curing. For this condition, the specimens 
bee 4 develop ed only 36 percent of the strength of the con- 
line tinuously moist-cured concrete. However, further in- 

_—® creasing the period of air curing up to 353 days resulted 
ed RM increasing the strength progressively. An increase 
-mo— 3) the drying period up to 421 days still further in- 
tho BR) creased the strength. It is believed, however, that the 
3 daffy Mcrease was caused more by the change in moisture 
ns hf Condition than by the additional curing that the speci- 
he bf} Mens received between 360 and 428 days. 

. The very peculiar behavior of the Haydite concrete 
ys JU here j indicated is believed also to be caused by internal | 
own! — % Moisture stresses, as discussed above. There seems to | 
serveleam De no other explanation that will cover the facts. In 
ed tf this connection it is interesting to note that, although 
, low’ fm the limestone concrete exhibited the same tendency, the 
te aif Maximum decrease in strength was not as great, "and 
ndito also that it occurred after only 1 day of drying. The 
om WES Moisture distribution appeared to be equalized, at least 
of thy insofar as effect on internal stress was concerned, some- 
en 8f™ Where between 7 and 90 days of air curing, whereas in ' 
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FIGURE 4 EFFECT ON FLEXURAL STRENGTH OF RESATURA- 
rion FoR 7 Days Prior to TESTING FOR CONCRETE SPECI- 
MENS AFTER CurRING 360 Days as INDICATED. 


the Haydite concrete it did not occur until certainly well 
beyond the 180-day period 

By comparing the results of the strength tests with 
the corresponding moisture losses at the time of test as 
shown in table 5 it will be noted also that the measured 
moisture loss appeared to bear no relation to variation 
in strength caused by moisture. For instance, groups 
13, 15, 16, and 17 for limestone concrete showed prac- 
tically the same strength although the percentage of 
total moisture retained varied from 67 to 85. 

In order to study the effect of resaturation on the 
strength of the concrete cured for various periods in air, 
certain of the specimens cured as indicated in figure 3 
were removed from air curing and immersed in water 
for 7 days prior to testing. The results are shown in 
figure 4, together with values for the corresponding air- 
dried specimens. In studying these results it should be 
noted that, insofar as curing is concerned, each pair of 
values (for instance, groups 16 and 19) represent tests 
on specimens subjected, except for the final 7-day 
period, to identical curing conditions. Therefore, the 
variations noted must have been caused by some other 
factor, presumably the shell effect previously discussed. 


CONCRETE 
CHANGE 


STRENGTH OF 
SUSCEPTIBLE 


HAYDITE 
TO MOISTURE 


FLEXURAL FOUND MOST 


It is difficult to explain satisfactorily all of the trends 
observed in figure 4. This applies particularly to the 
results obtained on the specimens immer rsed in water 
for 7 days prior to test. This period would certainly 
seem sufficient to eliminate the shell effect. However, 
if we assume this to be true, then variations in strength 
of the resaturated specimens must be caused by varia- 
tions in curing only. This would not explain the rela- 
tive strengths shown by the Haydite concrete in groups 
18, 19, and 20. It would certainly be reasonable to 
expect the strength to decrease with decrease in the 
length of the initial moist curing period, whereas, with 
the single exception of the specimens cured for 7 days 
in the moist room (group 14), just the reverse is true. 

In the limestone concrete the relative values are as 
would be expected, except for the high strengths shown 
for groups 19 and 20. It is possible that in these groups 
the reabsorption of water actually produced compression 
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Figure 5.—Errect or DryinGc Prior to Test ON FLEXURAL 
STRENGTH OF CONCRETE SPECIMENS AFTER CURING APPROX- 
IMATELY 1 YEAR IN Moist Room. 


in the extreme fibers which, combined with the rela- 
tively long inital period of moist air curing, produced 
the exceptionally high strengths observed. In any 
event, it is obvious that, in the determination of the 
flexural strength of concrete, great care should be 
exercised to insure that the specimens are truly in 
equilibrium, insofar as internal moisture stresses are 
concerned, when they are tested. 

In the discussion so far presented the specimens 
cured in air were partially dried by storing in an un- 
heated room adjacent to the laboratory. When the 
outside temperature went below freezing, a window 
leading to the laboratory was opened so that with the 
exception of short periods the temperature in the 
curing room was kept above freezing. 

Tests were made to determine the effect of rapid 
drying and also to determine what effect drying to 
constant weight would have on the flexural strength. 
A number of specimens were dried in an electric oven 
at a temperature of approximately 170° F. for periods 
of 1 and 7 days. Others were dried to constant weight, 
the time required varying for the individual specimens 
in each group. The 48 days noted for the limestone 
concrete and the 67 days noted for the Haydite con- 
crete represent the average of five separate tests in each 
case. After removal from the oven the specimens were 
allowed to cool for 1 day in the laboratory before being 
tested. The results are shown in figure 5. 

Referring first to the results for Haydite concrete, it 
will be observed that the strengths progressively de- 
creased as the amount of drying increased up to 7 days 
of oven curing. Haydite specimens subjected to this 
treatment developed only 45 percent of the strength 
of moist-cured specimens of the same age, as compared 
with 83 percent for the limestone specimens. It will 
be noted also that, with the limestone concrete, the 
greatest decrease in strength occurred after 1 day of 
air drying, as against 7 days of oven and 1 day of air 
drying for the Haydite concrete. These results again 
point to the greater susceptibility of the Haydite con- 
crete to moisture change and show also the effect of the 
slower drying action in concrete containing Haydite. 
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RECOMMENDATION MADE THAT FLEXURE SPECIMENS BE 
IMMERSED IN WATER FOR 48 HOURS BEFORE TESTING 


Comparison of the flexural strengths of the Haydite 
and the limestone concrete specimens subjected to 
similar curing conditions shows that the average for all 
Haydite specimens tested wet was about 90 percent of 
the strength of the limestone concrete. On the other 
hand, the average strength of all Haydite specimens 
tested in various degrees of dryness was only about 70) 
percent of the strength of the limestone concrete cured 
and tested in like manner. This indicates that the 
strength of the Haydite concrete was affected to a 
creater degree by air curing than was the limestone 
concrete. 

The degree to which the Haydite specimens were ad- 
versely affected varied over a wide range. For instance, 
the strength of Haydite specimens cured for 173 days in 
air after 7 days of moist curing was 86 percent of that of 
limestone specimens, or nearly equal to the 90 percent 
for the continuously moist-cured specimens. On the 
other hand, the Haydite specimens cured for 180 days in 
air after 180 days of moist curing had but 37 percent of 
the strength of limestone concrete similarly cured. It 
is apparent, therefore, that the time at which dry curing 
began had a marked effect on the ratio of the strength o/ 
the Haydite to the strength of the limestone concrete 

The previous discussion has been confined to the effect 
of the several variables on the flexural strength of the 
concrete tested. Additional tests were made to deter- 
mine the effect on crushing strength of air curing as 
compared with moist curing. Tests were made at 7, 28, 
180, and 360 days, on specimens cured the entire time ir 
the moist room and on specimens cured in air after a 
initial moist curing of 7 days. No tests were made o1 
specimens cured dry and tested wet or on specimens 
cured wet and tested dry as was done with the bean 
specimens. In other words, all of the compressio 
specimens were probably in a stabilized moisture con- 
dition when tested 

The results for the Haydite concrete (fig. 6) indicat 
a progressive increase in strength for moist curing up t 
180 days, with a small increase over the 180-day strengt! 
at 360 days. The same general trend is found for th 
specimens cured in air; that is, the strength at 360 days 
was approximately the same as that at 180 days. At 
each curing period the air-cured specimens had lowe! 
strengths than the moist-cured specimens, the differencé 
becoming greater as the age at test increased. Th 
results are in agreement with those found in the flexun 
tests; that is, the specimens cured in air and tested dr 
had lower strengths than those cured in moist air ané 
tested wet. 

The right-hand panel of figure 6 gives similar | 
for the limestone concrete. The results obtained are !! 
general agreement with those found for the H:vydit 
concrete; therefore they will not be discussed in etal 
They are also in agreement with the flexure test :esult 


lt 
esuits 


where the specimens were subjected to like cum 
treatments. 
These tests indicate that the flexural strength of col 


crete containing aggregates of the type represen ed by 
Haydite is affected considerably more by variat ons ! 
curing and moisture content at time of test than 's col 
crete containing naturally occurring aggregates «| aver 
age quality. 

(Continued on p. 61) 
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THE OLIENSIS SPOT TEST IMPROVED 


Reported by R. H. LEWIS, Associate Chemist, and J. Y. WELBORN, Junior Highway Engineer, Division of Tests, Bureau of Public Roads 


INCE the publication in 1933 of Mr. Oliensis’ paper 

“A Qualitative Test for Determining the Degree of 

Heterogeneity of Asphalts’’,’ the Bureau of Public 
Roads has devoted considerable time to the study of 
this test, which has proven to be a very useful one. The 
results of these studies corroborate the author’s con- 
clusions with respect to the scope and limitations of 
the test. 

In tests by the Bureau on a large number of asphaltic 
materials from all producing centers, heterogeneity is 
found to be far more prevalent among the more fluid 
materials than among the refined, semisolid, paving 
asphalts, and the quantitative method recently de- 
veloped by Mr. Oliensis should be of great value in 
comparing the degree of heterogeneity of various 
asphaltic materials. The paper? describing this new 
method of test has been studied and the data obtained 
are presented in this report. 

Clifford Richardson has stated: * 

In residual pitches, at times some of the bitumen is found 
which is insoluble in cold carbon tetrachloride, and this is 
evidently due to the severe treatment which the material has 
suffered in the course of its production at very high tempera 
tures. A determination of the amount is only valuable as an 
indication of the care which has been used in the preparation of 
such pitches. 

For years, therefore, asphalt specifications, have re- 
quired a high solubility in carbon tetrachloride as a 
protection against overheating in the refining process. 

However, examination of fluid and semisolid asphalts 
from numerous sources has shown that many of the 
products that have been subjected to temperatures 
much higher than those used in normal steam refining 
have relatively high solubility in carbon tetrachloride 
Many materials that are definitely cracking-coil residues 
produce a positive stain with both naphtha and xylene, 
while the majority of those that apparently have been 
inadvertently overheated in a steam or vacuum process, 
and some blends of cracked and uncracked residuals, 
give a positive stain with naphtha and a negative stain 
with xvlene. In spite of their high solubility in carbon 
tetrachloride, these asphaltic materials are hetero- 
geneous. Itis apparent, therefore, as has been pointed 
out by Mr. Oliensis, that a high solubility in carbon 
tetrachloride does not indicate definitely that the 
mat rial has not been overheated in the refining process. 

The Bureau is now engaged in a detailed investiga- 


tion of commercial grades of semisolid asphalts from the 
refinvries of the major producers. This study involves 
am other things the exposure of the asphalts in 
films one-eighth inch thick to the action of sun and 
light 15 weeks (approximately 900 sunlight hours). 

I'h:rty-nine samples of 85-100 penetration asphalt 
have seen studied, of which 16 samples gave negative 
stain both before and after exposure. Nine gave 
negaive stains before exposure and showed varying 
degrees of heterogeneity after exposure. Twelve gave 
positi\e stains before and after exposure; and two ma- 

tig dings, American Society for Testing Materials, vol. 33, pt. II. iii te 
G.L. ‘NSIS Proceedings, gp et eh 36, rt li 
ies 7 dern Asphalt Pavement, by Clifford Richardson. John Wiley & Sons, 


1905, 1 ed., p. 120. 





terials that showed slight heterogeneity before exposure 
produced negative stains after 15 weeks of exposure. 
Perhaps these two are examples of the fugitive type 
which has been observed by Mr. Oliensis. 

For the 23 samples that gave positive stains either 
before or after exposure, table 1 gives the base petroleum 
and the refining process as reported by the manufac- 
turers. Results of the Oliensis spot test before and 
after exposure, the gilsonite and xvlene equivalents 
before exposure, and the xylene equivalent after ex- 
posure are also listed 


METHOD OF DETERMINING GILSONITE AND XYLENE EQUIVALENTS 
DESCRIBED 


In considering the data in table 1, and later in table 
2, the heterogeneity of the materials is expressed quan- 
titatively by limits representing the highest percentage 
of gilsonite or xvlene that would produce a positive 
stain and the lowest percentage of gilsonite or xylene 
that would produce a negative stain. The true xylene 
or gilsonite equivalent (the exact percentage of homo- 
geniser necessary to produce a negative stain) is within 
these limits. Thus, a xylene equivalent of 12-16 means 
that with 12 percent or less of xylene in the standard 
naphtha the material developed a positive stain and 
that with 16 percent or more of xylene, a negative stain 
was obtained. A gilsonite equivalent of 50-60 means 
that when 50 percent of gilsonite was blended with the 
material under test and the blend tested with standard 
naphtha a positive stain was produced; when the blend 
of gilsonite and asphaltic material contained 60 percent 
of gilsonite a negative stain was obtained. The term 

‘xylene insoluble” indicates that a positive stain was 
obtained with 100 percent of “we and the material 
is beyond the range of the test, , the heterogeneity 
of the material is jndeteeiiate with this solvent. 

Table 1 shows that only 2 of the 39 materials pro- 
duced a positive stain with xylene, either before or 
after exposure. Eight of the 14 original materials that 
were heterogeneous had xylene equivalents of 8 or less, 
and gilsonite equivalents of 10 or less. Of the hetero- 
geneous exposure residues of the nine materials that 
were originally homogeneous, seven had xylene equiva- 
lents of eight or less. For those materials that were 
heterogeneous originally, the increase in xylene equiva- 
lent in the exposed residues was quite variable. 

Samples 7 and 8 are of special interest. Both were 
produced from the same Venezuelan crude, the first 
by the continuous vacuum steam distillation and the 
latter by batch steam distillation. After exposure 
sample 8, which gave a positive stain initially, had a 
higher xylene equivalent than sample 7, whic h gave 
a negative stain initially. 

In table 1 of Mr. Oliensis’ report,’ he shows that the 
xylene equivalent for sample 13, representing a wax- 
bearing residual, crude K, was greater than the gilson- 
ite equivalent. Sample 23 of the materials tested by 
the Bureau was a wax-bearing residual, produced from 
a crude that tested positive in the spot test. Tests 
made on other semisolid products from this same refinery 
and on residues reduced in the laboratory with a high 
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TaBLeE 1.—Oliensis spot test results and gilsonite and xylene equivalents fo of 85-100 penetration asphalt 
| 
| | I ifter ex] é 
| | before exposure 15 weeks 
fil 
4 
ple Base petroleurn | Ref pr 
no 4 ( t X yl € S lard Xy 
t va equ i} 1 eq 
| vi 
1 | California _- Steam distillation Ne I 
2 .do Vacuum distillation 
3 | .do-_. Steam distillation 1 
4 | .do | Vacuum distillation I 0 0-2 | 
5 | Mexican LOH0 4-28 28 
6 | Venezuelan Steam distillation 5-8 1 
7 | 0... Continuous vacuum steam d Negative 
~ .do Batch steam distillatior Pc t t 
9 .do Steam distillation \( 2-4 
10 .do-.. Vacuum distillation Ne 
11 | do Steam distillation I 
12 | Smackover Vacuum distillation Posit 0-1 0-2 Ni 
13 | Oklahoma 1 10-35 4-48 Posit 
14 ...do- i ! 
15 _do 1 4-8 
16 do 60-80 
17 | Blend of Mexican and Oklahoma Steam distillation 
18 | Kansas Winkler-Kock shell stil I sO.9 
19 poems Steam distillation 15-2 
| Seen do 0-2 9 
21 | Blend of Mexican and domestic Gulf coast N é | 
crudes 
c — 
23 | Texas I 10) 


Xylene insoluble 


steam ratio from the crude oils used as base petroleum 
by this refinery, showed that they required approxi- 
mately 35 percent of gilsonite to produce a negative 
stain. Although the other samples from this source 
were not tested for xylene equivalent, it is noted that 
the xylene equivalent for sample 23 was considerably 
lower than the gilsonite equivalent. This is not in 
agreement with the conclusion by Mr. Oliensis that 
gilsonite is more efficient than xylene in correcting 
heterogeneity caused by waxy bodies. 

The spot test results for these representative asphalts 
show that 23 out of 39 samples, or about 60 percent, 
were homogeneous, and that 16, or about 40 percent, 
remained homogeneous after 15 weeks of exposure. 
All of the homogeneous materials that became hetero- 
geneous upon exposure had xylene equivalents of 16 
or less. Under the climatic conditions existing during 
the winter months at Madison, IIl., it is possible that 


heterogeneity might not have developed in _ these 
samples. 
NEW METHOD USEFUL IN TESTING BOTH ORIGINAL MATERIALS 


AND RESIDUES FROM EXPOSURE 


Under the same summer conditions to which the 85 
100 penetration asphalts were subjected, all fluid 
materials that were studied in this investigation devel- 
oped heterogeneous residues within 5 weeks. In a 
previous report covering a study of the spot test on 
liquid asphalts, mentioned in Mr Oliensis’ paper, the 
following statement was made: * 


Since the results of the tests were based upon the appearance 
of the stain as interpreted by the observer, it is difficult if not 
impossible to distinguish between border-line materials or to 
express clearly the apparent degree of heterogeneity that may 
be indicated by the varying degrees of nonuniformity in the 
stain. The classification given should be understood to mean 
that, in the judgment of the observers, the materials and their 
residues gave stains that appeared either entirely uniform 
throughout or were only slightly nonuniform, having a slightly 
darker, more pronounced center, or else they had a definite 
dark to black center surrounded by a uniformly lighter colored 
stain, and were consequently classified as homogeneous, slightly 
heterogeneous, and heterogeneous respectively. — ory 


‘ Further Studies of Liquid Asphaltic Road Materials, by R. H. Lewis and W. 0’B 
Hillman. Pusuic Roaps, vol. 16, no. 6, August 1935, p. 108. 


| 


| 


The use of the xvlene equivalent gives promise of 
overcoming past difficulties in the proper interpretatior 
of the spot test results and appears to offer a ready 
means of determining the comparative degree of hetero- 
geneity and the rate of its development in materials 
exposed to weathering 

In a report presented at the January 1936 meeting 
of the Association of Asphalt Paving Technologists 
the behavior of five materials—three steam-distilled 
residuals (Mexican, mideontinent, and California), and 
two cracking coil residuals under exposure conditions 
was described. The results of the spot tests, deter- 
mined on these materials after exposure in films 1/8, 1 16, 
and 1/32 inch thick for 5, 10, and 15 weeks, may help 
to show the possibilities of the quantitative method of 
determining heterogeneity suggested by Mr. Oliensis 

The two cracking coil residues gave positive sj ots 
with xylene, and the development of heterogeneity i 
these materials under exposure could only be detected 
by the steady development of organic matter insolubl 
in CS, and CCl,. The other three materials and thew 
distillation residues gave negative stains. The xvlen 
equivalents of the residues after various periods 0 
exposure are shown in table 2. 

It will be seen that, at each test period, the thinner the 
film thickness the greater the xvlene equivalent. I 
each thickness of film, except the '<- and !\¢-inch films of 
the Mexican residual, the xvlene equivalent increase 
with the time of exposure. The reason that the nd 
\s-inch films of the Mexican residual after 10 weeks 
exposure had lower xylene equivalents than the corre- 





sponding films after 5 weeks of exposure is not know! 
Data on the solubilities of some of these residues are 
of interest (table 3). It will be seen that the inc! 


film of sample 2 after 15 weeks of exposure had mor 
matter insoluble in CS, than two of the other residues 
and more matter insoluble in CCl, than three of th 
other residues. However, it was readily dispersed 1! 
68-72 percent xylene-naphtha solution, while the othe! 
samples all contained material insoluble in 100 percent! 
xylene. This would seem to indicate a difference in tht 


5 A Report on the Weather-Resistant Properties of Certain Slow-Cur Liqu! is 
Asphaltic Materials. Proceedings of the Association of Asphalt Paving hnoie 4) 
gists, Jan. 23, 1936. f 
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TABLE 2.—NXylene equivalents of residues of slow-curing liquid asphaltic materials (grade SC—2) after exposure 
X ylene equivalent of re rT f 
Samples tested after exposure for Sample 1, noah falal Fils Samy a FX id = ent re l Sample 3, Se Film 
44-inch | s-inch | inch é-inct I 1¢-inch 1{6-inch 19-inch 

veeks 1-8 8-12 12-1f O-2 S52 18-52 24-28 36-40 48-52 
) weeks 0-2 1-8 6-26 6-4 60-64 32-36 44-48 64-68 

weeks 8-lf ) 56-40 6-6 8-72 36-4 48-52 ( 

X ylene insoluble 
character of the insoluble materials in the several resi- | TABLE 3. Comparison of solubilities of exposed samples with 
dues that affects their dispersion in the solvents used for tene equivatents 
determining heterogeneity. 

The stain obtained in the onginal Oliensis spot test Potal or- | Total or- 
indicates only that the material is homogeneous 01 imple n eof | Filt ganic mat- potency Bec tooth 
heterogeneous. The degree of heterogeneity is not ‘a ie ible in CL ee 
determinable by this test and, as indicated in table 1, it 
automatically classes materials that have heen only WY, fie ama (a oe 
slightly overheated with products that have been sub- |! 88 1.98 | Insoluble. 
jected to excessive heat. This quantitative method, 288 322 | Do 
therefore, should prove extremely valuable in future | ? a os | emis 
studies of asphaltic materials 

of 
" Continued from p. 58 The wide variations in flexural strength of the Haydite 
Vv | concrete appear to result primarily from its tendency to 
0- : les ee ee absorb and to give off moisture at a slower rate than 
Us concrete containing normal aggregates, thus delaying 
the even distribution of moisture which is necessary in 
ne : , A ] order to eliminate internal stresses 
s rs =e mf The results emphasize the importance of controlling 
ed Hi yi 1A) testing procedure so as to insure that specimens under 
nd lA nA A Hi yy test are free from stresses induced by an uneven distribu- 
° | U tion of moisture They indicate that, where curing has 
f4 44 44 hit i been in air, immersion in water prior to test for more 
16 14 WY r 11 than the customary 24 hours may be necessary and that, 
cl] HIAAGAIIA 11/14 Y when the specimens have been subjected to continuous 
HInUY LIU Y moist curing until test, care should be exercised to pre- 
HilIZUAYIIA 11H, Y nad 
LIA BY 1144 vent any drying prior to test . ah 
ts MBMIAA LZ AWA A ZI A A Drying to constant weight in order to eliminate 
I ake & ns Hans - xp tntn Pel A Pa Pano moisture stresses is not pract icable because of the length 
te N MOIST ROOM |7 DAYS. BALANCE N MOIST ROOM 7 DAYS. BALANCE of time required. For this reason it is recommended 
hie OF TIME IN AIR _ TOF TIMEIN AIR that all flexure testing be performed on saturated speci- 
el 7 ee ee mens, and that in cases where specimens have been 
" Fictre 6. RELATIONS BETWEEN AGE AND Crvusnine Strenetn | Subjected to drying prior to test they be immersed in 





Or CONCRETE SPECIMENS CURED IN Various Ways. water for at least 48 hours immediately before testing. 
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SLIPPERINESS OF ROAD SURFACES STUDIED BY ENGLISH INVESTIGATORS 


Apparatus for accurately measuring the slipperiness | speeds. Deductions and conclusions are drawn fron 
of various road surfaces has been developed at the Road | the results obtained 
Research Laboratory of the Department of Scientific The skidding coefficient was found to be high for dr 
and Industrial Researchin England. The machine used | road surfaces free from loose material, and such su 
consists of a motorcycle and sidecar in which the sidecar | faces can be considered as nonskid. On wet surfaces, 
wheel can be set at an angle to the direction of travel. | the coefficient decreases as the speed increases. A value 

The horizontal reaction of the road, developed by the | of 0.5 at 30 miles per hour may be regarded as reason- 
wheel because of its position, and the load on the wheel, | ably safe; a value of 0.2 indicates that the surface 
are measured. From data obtained with instruments | affords insufficient resistance to skidding. Values of 
carried in the sidecar, the ratio of these forces is obtained | 0.2 or less are found most frequently on city streets. 
and expressed as a coefficient which is high for nonskid The most slippery condition of a road is probably 
surfaces and low for slippery ones. The construction | during a silver thaw, when the coefficient is as low as 
and operation of the motorcycle and sidecar and of the | 0.1 at all speeds. Measurements taken on a snow- 
measuring apparatus are described in a_bulletin' | covered road showed values ranging from 0.5 to 0.2 


recently issued jointly by the Department of Scientific | the latter being found after the snow had become 
and Industrial Research and the Ministry of Transport. | packed. The values for snow-covered roads were no 
The apparatus, which has been in regular use for several | lower than those found on some smooth, wet surfaces, 


years, is estimated to cost £475 (approximately $2,350). | but on snow-covered roads the lower values may persist 
A bulletin? reporting results of the first of a series of | down to speeds of 5 miles per hour. 
studies of road friction has also been published recently. On concrete surfaces the coefficient varied but little 


This bulletin summarizes the results of numerous | at different seasons of the year. Practically all other 
measurements made on various types of road surfaces | surfaces, when wet, were more slippery in summer than 
under different climatic conditions and at different | in winter. Tests made on wood- and rubber-block 


avements s ’ the to he » low coefficient 
' Road Research Bulletin No. 1, Measurement of the Non-Skid Properties of Road pavements howed them have | fficl r 


Surfaces, H. M. Stationery Office, 9d net The apparatus is now being improved to enable tests 
? Road Research Technical Paper No. 1, Studies in Road Friction. 1. Road Sur ; a ; 
face Sesktnmes to Stiddier. an hed by 1 M Herd Office, 1s. 6d “a i to be made at speeds higher than 30 miles pel hour. 
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MOTOR-FUEL CONSUMPTION, 1936 


{Compiled for « 


raxr 
gallon 


ite per 


Net total 


consul 




















State rate P  Federal 
Or Or P ngs tion in und 
Jit De State other 
publi 
use 
1 O00 1 OOH 
Cents Cents gallons gallons 
Alabama t t 199, 040 
Arizona 06, 543 47 
Arkansas f t 154, 208 4,472 
California , 1,651,837; 27,824 
Colorado 1 4 208, 897) 7 9, 1SS8 
Connecticut ; 209, 405 3, 024 
Delaware ; } WO, THE § 1,024 
Florida 7 P 300, 192 7, 642 
Georg|4 u t 303, GOS 3, SOY 
Idat S4s 4,331 
Vili 1,191, 915 
Indiana ' 1 4, 073 2, 364 
Iowa 460, 208 
Kansa 450, 331 
Kentuck 
I ina yu rs 3, RA 
Maine { { 1,412 
Maryland ' 1 , 7 
Massachusett 
Mict il 4, 07 
Minnesota ; 4. TAS 
M pp 4. 404 
Missour 2 
Montana 2 8 
Nebraska l, 
Nevada i i 1, 633 
New Hampshire ' H 
New Jersey } ; 
New Mexico § f 
New York i 3 July 1 | $ 
North Carolina t i 
North Dakota ; 
Ohi { { l 
OKI 4 4 
Ureg 
Per ania i { l 
R} e Island ” 9 
S { rolina ‘ f 
south Dakota } { 116, 043 
rennessee 7 ry 2A6, 315 
re i ‘ 1, 108, 063 
Ut ' ' 83, 358 
Ver } i 60, 026 
Vir F 


316, 556 


$19, 302 








an 
im 


ly 


1s 


f " 


ilendar 


Amounts exempted from 


ment of tax ? 





ew States include 


In cases where 


unt taxed 


] "? 


ighway 


exempt 


Florida 


rather than 


ear fr 














ince f I 
Nor 
" y} evap 
ration Tota 
way A 
a ‘ 7 
é 
1 ther 
OSS€ 
CL MH 
wig sg 
17 
2, 957 s 
1 024 
Y) 478) 12,113 
1, 486 5, 29. 
17s 4, 809 
2, d64 
J4 SNF + O07 , SUS 
6. 0938 0, 54 
412 
49, G2 ® 027 82.9 
AS 510, 2 ) 
0) s( 
2 Lif 929 
7, ORS 8, 30 
189 601 423 
é 787 
4,010 63, 691 
63 2,3 6, 703 
20,89 3.985 68, 004 
7, 2/2) 10, 888 
4, 66. 
6, 05 
1, 0O9 
2, 341 
1,563 6,533 
2, A2QK 13, 650 
10, GFé 2, 409 
» 290 
> 
2 2 Hal 
" 
a 
215, 508/179, 075 (641, 621 
‘tion in State have beer 





s shown in 


with 


uses 


motor 


West nia 1 4 IS1, O39 
W 1 4 503, 969 
W { 4 58, 044 
D bh 2 2 126, 837 
Weighted average 19, 653, 142 247, 
rate 3.85 cents 

I t sales and other amounts not representing consumy 
elin i as far as possible. Exemptions and refunds in a f 
in f such deductible items not reported separate 
fa é eport amounts exempted from taxation the gross 
ao es where refunds were made for Federal and other public uses, or for losses, 

f nts have been included with the exemptions listed below, 
the ! gallonage 

I ise except as otherwise noted 

, sas exemptions rather than refunds are made for 
wt t es, as shown, make both exemptions and refunc 
fue vi 


viation but not other nonhighway uses 


es do not provide for exemptions or refunds for nonhighway 
tered for these States, indicated by stars, include both hig! 








use 
way anc 


The 


1 non 


illons 


taxed 


\ 300 feet of border tax rate is reduced to that of adjacent State. Gallons 
taxe ents, 2,739,000; at 4 cents, 11,534,000; at 5 cents, 119,006 
r use, 5,415,000 gallons; State, county, and municipal use, 3,773,000 g 
; i use, 414,000 gallons; State use, 610,000 gallons 
\ iel used in aviation 
i Federal use 
a, 113,859,000 gallons taxed at 5 cents per gallon and 08,688,000 gallons 


er gallon. 


per g 


illon refunded on nonhighway uses 











G Amount 
il int ipject 
assessed torefur 
for of entire 
W) Wu 
m4 O44 
11, O68 ] 
148. 27¢ 
60 47. 74 
4.444 22, 288 
ow 424 t alk 
19. 742 2 67 
RS OTO 
208 67 
R3. 039 8.13 
; ) 68, 583 
709 35. 800 
16), 208 1s 
6. 438 
Ai 
33, 109 
24 0 1, 64 
654. 3209 ) 371 
) 658 49. 68 
162. Os 8, Zot 
é 14 
x) ; su 
5.814 15, 367 
«, 4if 1, YUE 
SD) SUS é y 
710.8 2 O7 
7f, O7 6, 52 
1. #58 } ) 7 
$43, 677 
102, 820 25, 799 
] 4 1 WOS 
4,849 » HOF 
} On 
l 
) 7, RRO 
10 
l 25, 69 
78, 18 
6, Abé 45 
; 739 25. 518 
180, SSL 52 
488. DST , rare. 
wu 2 
99 24 620 
0 2 IGA we 
l per g 








4] 
ot reported. 


Excludes 1,464,000 ¢ 
. per gall 
il use, 3,335,000 
11,880,000 


»> cents 
Feder 
Federal use, 


Includes 705 





cents per gali 





58 
8 
88 
{ 
f 
ref 


f 








mm retund 


1 


120,000 gall 

it 3 cents per gallon 
Does not include 69,£ 

1 cent per gallon but n 


10,000 ¢ 


t sut 


€ 


4 cents per gallon refunded 
22 Excludes 322,000 gallons of 


) 


Federal use, 


26 Excludes 271,000 gallon 


2? Public use not reported ir 
425,000 gallons, State, cou 
2® Excludes 814,000 galions o 
Includes both Federal and District Governn 


2 cents per gallon refunde 
* Revised figure 
7,634,000 g 


lons; county and 1 


of 


nty, 
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{mount taxed 
reduced rates 

















63 


(Approximate amount taxed 
for highway use 5 


Per- 
cent- 
age 
change 


10.6 
7.0 
13. 5 
7.9 
23.2 
10.0 
16.9 


M4 @ : . by . 
&DOD OAS -1IN OA OCW 


Dro 
i?) 


et 
Dww 


16. § 
8.6 
10.6 


Amount 


xed a 
rate Rate 
per Amount IHF 193 
WW ! 000 1,000 
g ( / gallons gallons gallons 
9, O4 *199,040, *172,474 
79. 500 79, 509 67, 323 
133, 884 14,392  *148,276) *131, 784 
459. 99 459, 993) 1, 340, 137 
72, 6 72, 661 152, 324 
287, 218 287,218) 263, 781 
47. O67 47, O67 42, 948 
288, O79 *288, O79 *256, 609 
208, 67 *208,673) *264, 617 
74 70 2 2 74, 701 63, 743 
2 2 1, 123, 332, 1,015, 019 
25. G09 , 909 472,010 
j 544 , 044 386, 489 
6, 438 . 438 295, 308 
QR 3 28, 333 *201, 324 
212, 54 2, 547 *186, 201 
27, 51 5, 59 27, 513 114, 5382 
24 319 » 217 226, 536 204, 850 
624. 930 624, 930 AS4, 232 
», 97 871, 812 767, 987 
404, 42¢ 104, 426 374, 701 
RRQ’ 10. 24 151, 880 123, 291 
in 2 548, 211 498, 350 
”), 447 90, 447 77, 393 
223, 222 *223, 222) *219, 165 
27, 42¢ 27, 420 24, 046 
78. 748 78, 748 71, 992 
657, 85 7, 85 594, 432 
69. 54¢ 69, 546) 57, 987 
y, 122 1, 619, 122\ 1, 495, 863 
35, 097 8,580 335,097, 305,579 
~ 55 45 0Q8 
2, 24 
2A 002 3 
4. 4K 
t 
066 
avd { - 
be he | U 
1 ¢ 
4 2 ; 
) 4 ys. LSE 
r fuel use vehicles licensed to operate ex- 
i or tor fuel used in interstate aviation 
f aviation fuel taxed at 3 cents per gallon. 
nonhighway us¢ 
s; State, county i municipal use, 8,858,000 gallons 
State, county, and municipal use, 47,801,000 gal- 


ns of liquid f 


uel 
on motor-vehicle fuel 
i in aviation. 


iqui 
» the 5-cent tax 
n motor fuel use 
viation fuel 

1 nonhighwa 


ises. 


iviation fuel 
full; amount i: 
and municipal use 
aviation fuel 

ent use, 


unicipal use, 3,488,000 gallons 


s per gallon and 913,602,000 gallons taxed 


kerosene, fuel oil, etc.) taxed at 


ludes 32,000 gallons Federa] use and 
yn which refunds were paid. 
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STATE MOTOR-FUEL TAX RECEIPTS, 1936 


[Compiled for calendar year from reports of State authorities] 





Tax rate per 











gallon Receipts from taxation of motor fuel Other receipts in connection with motor-fuel tax 
Date of 
State rate Distribu Net bot i 
‘ re rit) ecely 
OnJan.1| 22 Dec, | Change Gross Refunds | w¢¢ receipts | tors’ and | Inspectic Fines and M _ : 
: 31 receipts paid . bit dealers’ fees penalties aneou 
} licenses recel] 
1,000 Wu 
Cents Cents 1 00K dollars 00 Wad 8 § Wn ! ” : 
ce 6 6 . 19 { Ri 
Arizona : ‘ 5 5 642 . 2 9 R4 
Arkansas ; ie 61 6! ) wi Ri ‘ 
California } 3 3 4, 433 42, OF 2 13, OOS 
Colorado 4 1 1, 022 6.8 R& 
Connecticut 3 3 185 8. TRO & 8 
Delaware 4 4 109 1. 853 . 18 
Florida 7 7 1 92 ) ? 20 
Georgia 6 6 7, 493 17.49 
Idaho 5 5 $02 3, 692 l . : { 69 
Illinois ] 3 1, 940 33. 458 ; 9 < 
Indiana 4 4 1, 432 0). 695 S { OL 7 
Iowa 3 3 1; 389 12, 196 12, 
Kansas. 3 3 ), 372 f $2 1s 9 
Kentucky--. Be 5 | 5 273 { 5 
Louisiana. --.-- 5 7 | July 2 2, 12 sf . s 12 
aaa 2 4 4 1A8 5, 20 . 5 9 
Maryland.--_-. 4 4 621 &, 92 g 9 
Massachusetts } 3 900 18, 448 & 448 
Michigan 3 3 1%) ) 9 
Minnesota 8 3 1, 8A] 12, 13 4 " 9 
Mississippi f 6 5] » O62 . 
Missouri----- 4 2 2&8 11,072 f 
Montana..--- , 5 744 44 44 
Nebraska. - --- 5 22 11, 218 1 
Nevada_. 4 4 SF Oso . 
New Hampshire { 4 wy) x0) ‘ 
New Jersey 3 2. 217 ), ONT . 
New Mexico 5 f s2¢ 3 389 2 
New York. - ; $ 3 July 1 1, 587 634 } 
North Carolina f 6 120 » 994 , ‘ y 
North Dakota 3 3 S4 2, 245 . 
a a 4 4 1, 748 43, 44 ° { 
Oklahoma. - 4 4 RAS 
a 5 5 1, 284 », 208 ) @ 
Pennsylvania . 4 4 40, 364 9 - ‘ 
Rhode Island 2 2 70 2. 208 { { 9 
South Carolina a 6 6 l » 495 ‘ ( Q 
South Dakota 2 4 { 959 O68 8 8 ‘ 
Tennessee ‘ a 7 7 77 is re ® 158 
Texas... j 4 { 02s 8 487 { & 
Utah A 4 4 OS . RR 
Vermont-.-_-. 4 4 )? 277 
Virginia Fi Fi S73 1,7 . { 
Washington 5 1, 27¢ { { 
West Virginia $ i 4 6, 80: 
Wisconsin 1 1 1, 468 7.8 g 
Wroming 1 { 2 959 9 
District of Columbia. - 2 2 9 389 9 
Sied »/ \ » ve > 2 5 
Total dye omy 4 average rate 3.5 37, 104 686. 63 ) {4 8 1 4 789 69 
! Stars indicate amcunts less than $500 § Ohio imposes # 3-cent tax on motor-vehicle fuel and a 1-cent tax 
2 Fees for inspection of motor-vehicle fuel Wherever possible fees for inspection fuels rhe receipt ‘from the cent tax applicable to non-motor-vehicle fue ker 
of kerosene and other non-motor-vehicle fuels have been eliminated fuel cil, ete were $689,006 rhese receipts have been eliminated from the 
3’ Includes fees for motor-fuel carrier permits, refund or exemption permits, interest given, which represents a 4-cent tax on motor-vehicle fue 


on deposits, and miscellaneous unclassified receipts 


‘A special tax of 3 cents per gallon in Hancock County and 2 cents per gallon in 


Harrison County is imposed for sea-wall protection. The receipts from these" taxe 
were $130,000 in 1936. These receipts are distributed back to the respective counties 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 











Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 
Report of the Chief of 
5 cents. 
Report of 
5 cents. 


Report of 
5 cents. 


the Bureau Public Roads, 1924. 


the Chief of the Bureau Public Roads, 1927. 


the Chief of the Bureau Public Roads, 1928. 


Report of the Chief of the Bureau Public Roads, 1929. 


10 cents. 


the Chief of the Bureau Public Roads, 1931. 


10 cents. 
Chief 


Report of the of the Bureau Public Roads, 1933. 


) cents. 


the Chief of the Bureau Public Roads, 1934. 


10 cents. 


the Chief of the Bureau Public Roads, 1935. 


J cents. 


the Chief of the Bureau Public Roads, 1936. 


10 cents. 


DEPARTMENT BULLETINS 


No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 


® No. 1279D..Rural Highway Mileage, Income, and Expendi- 


" 


tures, 1921 and 1922. 15 cents. 
TECHNICAL BULLETINS 
No. 2651. Electrical Equipment on Movable Bridges. 


35 cents. 


") MISCE| LANEOUS PUBLICATIONS 
© No. 76\ 


The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


Federal | egislation and Rules and Regulations Relating to 


Highway Construction. 15 cents. 
No. 19] Roadside Improvement. 10 cents. 
The Taxa‘ion of Motor Vehicles in 1932. 35 cents. 


An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


Highway Bond Calculations. 10 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y..Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor Vehicle Administration, Registra- 
tion, Certificate of Title, and Antitheft Act. 

Act I].—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act I1].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 


Model Traffic Ordinances. 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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